Abstract. Younesi S, Assadi M, Nejadsattari T, Mehregan I. 2017. Morphology and assessment of genetic structure and diversity of Dionysia revoluta (Primulaceae) in Iran. Biodiversitas 18: 1173-1178. Dionysia revoluta Boiss. (Primulaceae), the most widespread species of the genus in Zagros Mountains of western Iran, is studied morphologically and genetically. Clustering analysis of morphological characters did not match the biogeography of the populations. Cluster analysis separated two subspieces of D. revoluta i.e. subsp. revoluta and subsp. canescens (Boiss.) Wendelbo. Factor analysis (FA) showed that petal size and length of the corolla tube were the only two factors with the slightest variation. Amplified Fragment Length Polymorphism (AFLP) fingerprint technique was used to evaluate the genetic structure and diversity among 14 populations of D. revoluta. The results of AFLP analysis of D. revoluta individuals showed that 67% of the total diversity was that of within-population diversity, 17% was among-population diversity and 16% was among-region diversity. AFLP data suggest that amount of genetic variation of populations growing in localities with other Dionysia species in sympatry is higher than those populations growing allopatric. This implies the hybridization as a possible important factor in the evolution of the group. It was also concluded that hybridization would result in higher genetic diversity within those populations of D. revulota occur with other species in sympatry.
INTRODUCTION
The genus Dionysia Fenzl., one of the larger genera of Primulaceae Batsch ex Borkh., has more than 50 species with a concentration in the Zagros Mountains of Iran (Lidén 2007; Younesi et al. 2015) . The generic name "Dionysia" was first applied to the material collected from Kurdistan (N Zagros, Lidén 2007) . Later on, the number of known species of the genus raised dramatically (see Wendelbo 1961 , Lidén 2007 and Borjian et al. 2014 . Dionysia is well known for its narrow endemic species distributed mainly in allopatry (Wendelbo 1961 , Lidén 2007 . So far, different phylogenetic schemes are presented for the genus (Melchior 1943 , Wendelbo 1961 , Mast et al. 2001 and Trift et al. 2004 . As most recent, Thrift et al. (2004) illustrated the phylogenetic relationships in Dionysia, using Parsimony, Jackknifing and Bayesian inference of nuclear DNA sequences (internal transcribed spacer, ITS) and two chloroplast regions (rps16 intron and trnL-trnF). Their phylogeny showed a biogeographical rather than a taxonomic pattern and despite major grouping of the species, the relationships between species in each group belonging to adjacent areas remained unclear (Thrift et al. 2004) .
Dionysia species are suffrutescent herbs in the form of loose tufts or dense cushions, scattered mainly in crevices of rocks and cliffs (Wendelbo 1961 , Lidén 2007 . Most of the species have limited distribution with distinct and narrow ecological needs. Dionysia revoluta Boiss. is the most common and widespread species in the Zagros Mountains. It is characterized by lush cushions, 5-10 mm long and 0.5-2.5 mm wide leaves, which have strongly revolute margins. Leaves are densely glandular with 5-8 crenations. The species has two subspecies. Leaves of D. revoluta subsp. revoluta are green, 4-7.5 mm long and 0.6-2.5 mm wide, and covered with short hairs and glands. Leaves of D. subsp. canescens (Boiss.) Wendelbo are gray, 5-10 long and 0.5-1 mm wide, and covered with dense long hairs (Jamzad 1996) . Both subspecies have sessile flowers, 1-2 per inflorescence, and linear bracts. Due to the wide distribution of this species and its fairly large ecological amplitude, Lidén (2007) suggested that different populations may show genetic diversity.
Since evolutionary processes, such as natural selection, adaptation, and genetic drift depend on a species' population structure, knowing a species' population structure is highly necessary for an understanding of evolutionary processes (Meirmans 2012) . Genetic variation within a species supply the basis for any evolutionary change and is, therefore, the most fundamental level of biodiversity (May 1994) . It has also been shown to be important for the fitness of individuals as high levels of heterozygosity may increase the fitness of individuals (Chapman et al. 2009 ). It is an important factor for survival of populations facing environmental changes. The first and an important step in managing species are to collect information on inter-and intra-populational variations (Abdemishani and Shah Nejad Bushehri 1998) .
Different methods of molecular fingerprinting techniques are used to assess the genetic diversity, most of them use polymerase chain reaction (PCR) for detection of fragments. Some methods are based on the amplification of random genomic DNA fragments generated by arbitrarily selected PCR primers (Vos et al. 1995) . In comparison with other genotype finger-printing (such as random amplified polymorphic DNA (RAPD), DNAamplification fingerprinting (DAF), arbitrarily primed PCR (AP-PCR), pulse field gel electrophoresis (PFGE), restriction fragment length polymorphism (RFLP) and amplified ribosomal DNA restriction analysis (ARDRA)), Amplified Fragment Length Polymorphism (AFLP) is suggested to be most informative (Jones et al. 1997 , Vaneechutte 1996 . It is a method with high repeatability, and often able to show patterns below the species level. AFLP can also be used to assess gene flow, gene distribution and outcrossing, and hybridization (Vos et al. 1995 , Winfield et al. 1998 , Arens et al. 1998 , Beismann et al. 1997 .
In this study, we aimed to evaluate the genetic structure and relationships within and between populations of D. revoluta growing wild in W Iran using AFLP fingerprinting technique.
MATERIALS AND METHODS

Plant materials
Dionysia revoluta in Iran is represented by its two subspecies i.e. subsp. revoluta and subsp. canescens. Our study included samples from both subspecies. Fresh samples were collected from the Zagros Mountain range in provinces "Isfahan" and "Chaharmahal va Bakhtiari" during April 2014. Fresh leaves of five individuals from each population, with at least 20 m distant from each other, were collected, and immediately dried in Silica Gel (Chase and Hill 1991) . Vouchers were deposited at the herbarium of Islamic Azad University, Science and Research Branch, Tehran, Iran (IAUH) ( Table 1) .
DNA extractions
Total DNA was extracted from silica gel dried leaves of 65 individuals following a modified CTAB protocol of Doyle and Doyle (1990) using NucleoSpin® Plant II Kit (Machery-Nagel, Dueren, Germany) after manufacturer′s protocol. The quality of extracted DNA was checked on a 1 % agarose gel and spectrophotometry.
AFLP
AFLP was performed according to Vos et al. (1995) and Scalone et Albach (2012) with some modifications; ca. 500 ng of total genomic DNA was digested by 5 unit EcoRI (Thermo Scientific, Waltham, USA) and 1 unit MseI (Thermo Scientific, Waltham, USA) restriction enzymes and simultaneously ligated to 0.5 μL 5 pmol EcoRI (5'-CTC GTA GAC TGC GTA CC-3'; 5'-AAT TGG TAC GCA GTC TAC-3'; Metabion, Martinsried, Germany) and 0.5 μL 50 pmol MseI (5'-GAC GAT GAG TCC TGA G-3'; Vos et al. (1995) including 2 min initial denaturation at 72° C, 20 cycles of 20 sec denaturation at 94° C, 30 sec annealing at 56° C, 2 min extension at 72° C, and a 30 min final extension at 60° C. Pre-selective amplification contained 6.5 μL PCR-mix (Ampliqon, Odense, Denmark; including 2× PCR buffer, 2 mmol MgCl2, 1% Tween 20, 0.2 mmol dNTPs), 0.125 μL 10 pmol primer E01 (5'-GAC TGC GTA CCA ATT CA-3'), 0.125 μL 10 pmol primer M02 (5'-GAT GAG TCC TGA GTA AC-3'), 3.25 μL ddH2O and 3 μL 3-fold ddH2O-diluted product of the digestionligation reaction. The PCR program for selective amplification followed Westberg and Kadereit (2014) . Selective amplification contained 7.5 μL PCR-mix (Ampliqon, Odense, Denmark; including 2× PCR buffer, 2 mmol MgCl2, 1% Tween 20, 0.2 mmol dNTPs), 0.18 μL 10 pmol florescent-labeled selective E primer E01, 0.25 μL 10 pmol selective M primer, 2.07 μL ddH2O and 5 μL 10-fold ddH2O-diluted product of the pre-selective PCR. Four primers (Biolegio, Nijmegen, Netherlands) combinations were used for the selective PCR. These are: E-38 (5'HEX-GAC TGC GTA CCA ATT CAC T-3') and M-57 (5'-GAT GAG TCC TGA GTA ACG G-3'); E-45 (5'FAM-GAC TGC GTA CCA ATT CAT G-3') and M-54 (5'-GAT GAG TCC TGA GTA ACCT-3'); E-40 (5'NED-GAC TGC GTA CCA ATT CAGC-3') and M-55 (5'-GAT GAG TCC TGA GTA ACGA-3'); E-31 (5'PET-GAC TGC GTA CCA ATT CAA A-3') and M-59 (5'-GAT GAG TCC TGA GTA ACT A-3'). Applied Biosystems standard dye set D-33 was used for the genotyping. PCR products were then pooled equally. 2 μL of equally combined PCR products for each sample was run with 7.75 μL of HiDi formamide and 0.25 μL internal size standard Gene Scan ROX on an ABIHitachi 3730 automated capillary DNA analyzer.
Software package GeneMarker 2.4.1 (SoftGenetics, State College, PA, USA) was used to analyze and score fragments. Fragments in a readable region of bands from 60 to 500 bp in length were scored as present (1) or absent (0). The mismatch error rate was calculated based on six supplementary re-extracted samples.
Software package Structure 2.3.4 (Pritchard et al. 2000 ) was used to investigate the Bayesian estimation of genetic structure. The first step was to calculate the likelihood of the data for a range of K=1 to K=9 values by creating posterior probabilities of K (true number of clusters; Porras-Hurtado et al. 2013) . In order to estimate the number of genetically homogeneous groups of individuals, we implanted a Bayesian algorithm in the software STRUCTURE first described by Evanno et al. (2005) . We repeated the process 20 times with 60,000 iterations and burned the first 10,000 iterations.
The genetic diversity and AMOVA (Analysis of Molecular Variance; Li, 1976 , Meirmans, 2012 test for individuals, populations, and regions were performed using GenAlEX 6.5 package embedded in Microsoft Excel software.
Morphometrical analysis
Plant material from both subspecies D. revoluta subsp. revoluta and subsp. canescens were examined under a binocular. Measurements were made for 16 quantitative characteristics. Those were vegetative and reproductive characters including 1. Length of Internode; 2. Leaf length; 3. Leaf width; 4. Number of teeth on each leaf; 5. Bract length; 6. Bract width; 7. Calyx length; 8. Calyx width; 9. Petal length; 10. Petal width; 11. Anther length; 12. Style length; 13. Ovary diameter; 14. Number of seeds in ovary; 15. Number of pollens in each anther; 16. Tube length.
SPSS v. 18 (IBM) software package was used to perform multivariate analyses. Hierarchical cluster analysis of morphological data was performed with the ward method using squared Euclidean distance after standardization of measurements to 0-1 range.
Factor analysis was performed to reduce the dimensions and identify the source of changes. Principal Component Axes (PCA) analysis was performed with Varimax rotation to obtain eigenvalues greater than 1.
RESULTS AND DISCUSSION
AFLP analyses included 65 individuals from 17 populations of 14 regions (Table 1) . Fragment analyses of the selective PCR products yielded 101 bands in a readable region of 60 to 500 bp in length. Table 2 shows the results of AMOVA test. According to the AMOVA, out of total diversity, 67% belonged to within-population diversity, 17% of among-population diversity and 16% to amongregion diversity (Figure 1 ). As seen in Figure 1 , withinpopulation diversity is significantly high. Using the method of Evanno et al. (2005) based on an ad hoc statistic DeltaK between successive K=1 to K=9 values, STRUCTURE software package detects the uppermost hierarchical level of structure for K=2 (Table 3) . Then, we run STRUCTURE with 1,200,000 iterations and burned the first 500,000 iterations. Genetic structure of individuals and populations are shown in Figure 2 with Flowers of all Dionysia species (except for Dionysia involucrata and D. teucrioides) are known to be heterostylous (Trift et al. 2004) , and it enhances the chance of hybridization. Dionysia revoluta has flowers with yellow corollas, while those of D. bryoides have purple corollas (Wendelbo 1961; Lidén 2007) . We observed flowers with mixed colored corollas in the areas with both two species in sympathry, same as phenomenon described by Lidén (2007) . These highly support the possibility that introgression may have contributed to genetic and morphological variation and occurrence of hybrids between D. revoluta, D. bryoides and other species (Figure 2 , Table  1 ).
The results of the morphometrical analysis showed that populations of two subspecies have similarities and differences based on the studied characteristics. Significant differences in flower morphology of all samples were observed in the factor analysis of 16 qualitative characteristics. Separation of D. revoluta into two subspecies is mainly based on the leave morphology (Wendelbo 1961; Jamzad 1996) . Despite this, our results showed that petal length and width and tube length showed the greatest impact and slightest changes in the separation of populations (Table 4) . It means that floral morphology has more advantage than leaf morphology in classification of the genus Dionysia. In the clustering analysis, populations were grouped into two main clusters at phenon line 25 (clusters I and II; Figure 3) . Cluster I was then divided into two sub-clusters at phenon line 14 (Ia and Ib). Grouping based on the morphological characters was clear with sub-cluster Ia composed of populations of D. revoluta subsp. revoluta, cluster II composed of D. subsp. canescens populations, and subcluster Ib composed of populations with intermediate morphology (Figure 3) . In contrast to most of Dionysia species having limited distribution with distinct and narrow ecological needs (Lidén 2007) , D. revoluta is the most widespread species in the Zagros Mountains. Dionysia species normally grow on poor limestone rocks and D. revoluta is the only species that also grow on the rich soils. Our samples are collected from the localities with a relatively wide range of ecological conditions. It is plausible that the morphological diversity in D. revoluta could be related to the phenotypic plasticity, which often makes a strong contribution to phenotypic trends associated with contemporary climate change (Merila and Hendry 2014; Franks et al. 2014) .
Results of clustering analysis are not congruent with results of AFLP. Despite the morphological differences between the sections and subsections of the genus in current taxonomies, Trift et al. (2004) found no section and subsection with more than one species of Dionysia to be monophyletic. Instead, they found that species often belong to clades corresponding to geographical proximity. Regarding that fact, and also the higher rate of withinpopulation diversity observed in D. revoluta populations (67%) in our survey, it is highly plausible that sympatric species can easily do genetic exchanges. This implies the hybridization as a possible important factor in the evolution of the species.
In conclusion, Dionysia revoluta, the widespread species of its genus, is morphologically and genetically variable. The genetic variation is however not completely congruent with neither geography nor morphology. It is suggested that the morphological diversity in D. revoluta could be related to the phenotypic plasticity. Despite the fact that the adaptation to diverse conditions during the time causes the physical and behavioral changes and cause gradual changes in different characters, the relative frequency of alleles in populations of D. revoluta is highly affected by the occurrence of other species in sympatry. Regarding the morphological and molecular evidence presented before, it can be concluded that hybridization would result in high genetic diversity within populations of D. revulota.
